ABSTRACT The cough reflex has been investigated in insulin dependent diabetic patients with and without autonomic neuropathy. The cough response to inhaled citric acid was determined in eight patients with diabetes who had severe autonomic neuropathy and compared with that in 10 who had no evidence of neuropathy. The patients with autonomic neuropathy had a higher median threshold for the cough response to citric acid (median 50%, range 20-> 100%) than non-neuropathic control patients (median 10%, range 2-20%). These results suggest that vagal innervation of the bronchial tree is damaged by diabetic autonomic neuropathy.
Introduction
Diabetic autonomic neuropathy is responsible for widespread abnormalities in affected patients. Damage to the vagus nerve is well documented and causes impairment of cardiovascular reflexes and gastric emptying.' Relatively little is known about impairment of the respiratory system. Diabetic patients with autonomic neuropathy have been shown to have a decreased bronchodilator response to inhaled anticholinergic drugs despite normal resting airway calibre,2 a diminished bronchial response to eucapnic hyperventilation of cold air,' but a normal bronchoconstrictor response to inhaled histamine. 4 Determining the threshold for the response to inhaled citric acid is a simple and reproducible method of quantifying the cough reflex.56 We measured the cough threshold for citric acid in a group of diabetic patients with and without severe autonomic neuropathy. The afferent arc bf the cough reflex is vagally mediated, but has not been previously investigated in subjects with diabetic autonomic neuropathy.
Methods

SUBJECTS
We studied two groups of non-smoking insulin dependent diabetic patients ( 
Results
The median cough threshold concentrations in the non-neuropathic group was 10% citric acid (range 2-20%) and the geometric mean value was 74%
p<(001 Thresholdfor the cough response to citric acid in the two groups studied.
570
Vianna, Gilbey, Barnes, Guy, Gray
Cough threshold to citric acid in diabetic patients with and without autonomic neuropathy5 citric acid. The geometric mean cough threshold concentration in the neuropathic group was significantly higher at 51-6% citric acid (p < 0 01). Individual results in this group ranged from 20% (two subjects), 50% (three subjects), and 100% (one subject) to unrecordable in two subjects who failed to cough with 100% citric acid (figure).
Discussion
We have shown that cough reflexes are diminished (and sometimes absent) in patients with severe diabetic autonomic neuropathy when compared with control patients with uncomplicated diabetes. Determining the cough response to nebulised citric acid solutions by a constant method provides a simple and reproducible method of measuring cough threshold.5 In this study we gave increasing doses of citric acid up to 100% in random order, using three vital capacity breaths, in an attempt to ensure that a clear cough threshold was established whenever possible. Previous methods have sometimes failed to establish a threshold in all subjects. Three submaximal inspirations of up to 50% citric acid established a cough threshold in four out of five subjects,5 and a single timed vital capacity inhalation of increasing concentrations of citric acid aerosol in a non-randomised fashion induced cough in only six out of eight normal subjects.'0 The maximum concentration of citric acid administered by Pounsford et al" was relatively low at 32%, so their results are not directly comparable to those from our control group of nonneuropathic diabetic patients.
All the neuropathic patients in this study had evidence of vagal neuropathy from cardiovascular testing. Animal studies have shown that the cough reflex is stimulated by rapidly adapting receptors in the larynx and bronchial tree with afferent fibres in the vagus nerve."12 These receptors, which are touch receptors in the larger airways" and "irritant receptors" in smaller airways,'3 are thought to be stimulated and sensitised by bronchoconstriction, although this may be the case only when airway calibre is changing rapidly.'" Thus, although resting airway vagal tone is decreased in diabetic patients with autonomic neuropathy,2 this is unlikely to account for the increased cough threshold. Their difference from non-neuropathic diabetic controls suggests that the raised threshold is unlikely to be due to a non-specific effect of diabetes on pulmonary receptors.
Previous work has shown that the bronchoconstrictor response to cold air is impaired in patients with diabetic autonomic neuropathy3 and by implication the cold air response in normal, non-asthmatic subjects is vagally mediated. The response to inhaled histamine in diabetic autonomic neuropathy, however, is normal, indicating that the bronchial smooth muscle reacts normally to a direct stimulus. 4 Our study suggests that vagal afferent fibres innervating the bronchial tree and mediating the cough reflex are affected in diabetic autonomic neuropathy. Although respiratory symptoms are not a feature of diabetic autonomic neuropathy, impaired respiratory reflexes may have important clinical consequences, not least in provoking unexpected cardiorespiratory arrest in diabetic patients with autonomic neuropathy.'"
